L-ascorbic acid is a water soluble vitamin (vitamin C) widely used as an additive in foods and cosmetics. It has high instability against certain environmental factors; the main cause of its deterioration is oxidation. Microencapsulation is an effective protection technique of L-ascorbic acid from its degradation reactions. This work is focused on the encapsulation of L-ascorbic acid by spray drying technique using sodium alginate as wall material. The microcapsules morphology was observed by scanning electron microscopy (SEM) and the encapsulation efficiency was determined by spectrophotometric analysis. Results showed that encapsulation efficiency was of 93.48% and after 30 days was of 92.55%; differences were not significant, so that the stability of L-ascorbic acid was not affected. Encapsulation yields obtained were low, at around 30%, but the microcapsules morphology obtained is spherical.
Introduction
Vitamin C is also known as ascorbic acid, it is an ingredient/additive commonly used in food and cosmetic industry by virtue of its properties. It is a water soluble vitamin which acts as an oxidizer and free radical scavenger [1] . Vitamin C is called antioxidant because of its ability of quenching or stabilizing free radicals that lead over time to degenerative diseases, including cardiovascular cancer, cataracts and other diseases [2] [3] .
Its application is limited due to its instability, which is influenced by several factors; it is strongly influenced F. Marcela et al.
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by catalytic reactions by the transition of metal ions, such as Cu 2+ and Fe 3+ , heat, light, pH (in alkaline media), high oxygen concentration and high water activity, all of which results in the increase of both the solubility of the ascorbic acid and the oxygen dissolution. Ascorbic acid degradation is also associated with a loss of color both in the presence and absence of amines [4] - [6] .
Microencapsulation of ascorbic acid is an alternative of its protection, improving at the same time its stability. Microencapsulation is one of the wide applications of biopolymers that help to protect specific functional materials from, or to release them into the outer phase for a long period [7] .
Microencapsulation of biomolecules has become a challenging approach to design new materials used in food and pharmaceutical industries to improve stability, delivery and to control the release of encapsulated species. Biopolymers like alginate, chitosan and Arabic gum have attracted interest as wall materials and have been applied in the pharmaceutical, food, biomedical, chemical, and waste-treatment industries [8] .
Alginate is biopolymer used as biomaterial; it is derived from brown seaweeds such as Laminiaria digitate and Laminiaria hyperboria and it shares a chemical structure similar to the polysaccharide components of the extracellular matrix. It is currently processed as high purity and low toxicity biocompatible polymer [9] [10] .
Alginates have been applied for several applications related to microencapsulation and controlled release delivery systems. Alginate gel structure is relatively stable at acidic pH, but it is easily swollen and disintegrated under mild alkali conditions [10] .
Spray-drying is one of the several techniques for ascorbic acid encapsulation. By this method an emulsion is sprayed into the air by atomization, usually at elevated temperatures to evaporate the solvent. The selection of a suitable wall material is critical to a microencapsulation spray-drying process to avoid changes due to oxidation or chemical interactions [11] and maximize the retention of ascorbic acid after the drying process is completed. Furthermore the mass relation between wall and shell materials is a variable to optimize in the process [12] .
Spray drying has many advantages including economy, easy control of microsphere properties by changing the operational parameters, the convenience in scale-up, etc. [13] . The quality attributes of microcapsules could be affected by the spray drying conditions such as feed flow rate, inlet and outlet temperature, suction power, etc. [14] [15] . It is important to optimize the inlet and outlet temperatures to obtain higher encapsulation efficiency (EE) and encapsulation yield (EY) [14] . Higher inlet temperature may destroy heat sensitive components and if the inlet temperature is too low, the water emulsion will not evaporate.
The aim of this work is the encapsulation of ascorbic acid by spray drying technique using sodium alginate as wall material. Parameters such as inlet temperature, suction power and mass relation between alginate and ascorbic acid will be optimized in order to obtain microcapsules with adequate morphology and high encapsulation efficiency and encapsulation yields. Scanning electron microscopy allows to know the microcapsules morphology.
Materials and Methods

Materials
A low viscosity alginic acid sodium salt from brown algae (supplied by Sigma Aldrich, Spain) was used as shell material.
The core material was L-ascorbic acid (supplied by Sigma Aldrich, Spain).
Emulsion Preparation
The alginate solution was prepared with 3.5% (w/w). The alginic acid sodium salt was mixed with distilled water and kept in the refrigerator during 24 h, in order to obtain the right viscosity and stabilize the emulsion. The mass relation between L-ascorbic acid and sodium alginate was: 1:3.5, 2:3.5 and 2.5:3.5.
Emulsions were prepared at a constant agitation speed of 1200 rpm, during 10 -15 min at room temperature. Emulsion compositions are shown in Table 1 .
Microencapsulation by Spray Drying
Spray-drying was performed using a spray-dryer BÜCHI B-290 (BÜCHI, Switzerland) with a standard 0.7 mm nozzle. It consists in four separate stages [16] , as can be seen in Figure 1 . During the atomization of the fluid into the drying chamber (3), the liquid droplets with high surface to mass ratio and to uniformly and quickly evaporate the water. The drying process of such droplets is very rapid with an intensive moisture evaporation at the surface of the droplets, which keep the droplets cool until the dry state is reached [17] . The experimental parameters are showed in Table 1 .
Characterization Tests
Determination of Microcapsules Morphology. Scanning Electron Microscopy (SEM)
For microcapsules surface observation, a PHENON scanning electron microscope (FEI Company, United States) was used. Each sample was fixed on a standard sample holder and sputter coated with gold. Samples were then examined with suitable acceleration voltage and magnification.
Determination of Encapsulation Yield (EY%)
EY was calculated as ratio of the weight of the resultant powder after spray drying in collecting bottle and the weight of all solids (including wall and core materials) in the emulsion, expressed as percentage. Any microcapsules adhering to the walls of the drying chamber or cyclone were not considered, so this yield will be only approximate.
Determination of Encapsulation Efficiency (EE%)
The ascorbic acid encapsulation efficiency was calculated by the following equation: 
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The Total ascorbic acid content and Surface ascorbic acid content were determined by spectrophotometry using a spectrophotometer UV-vis-NIR Cary 5000 (Agilent Technologies, USA).
First, ascorbic acid/alginate (optimum mass ratio) solutions were dissolved in water or ethanol at different concentrations in order to obtain the calibration curves. Wavelengths selected for quantification study were 264 nm (water) and 245 nm (ethanol).
Surface ascorbic acid content was determined by washing 1 g of microcapsules with 30 mL of distilled water. The solution was analyzed in the spectrophotometer at the corresponding wavelength (264 nm), and interpolated on the calibration curve. It was necessary to dilute the samples (400 times) in order to fit in the calibration curve.
Microcapsules increased their weight because the alginate was hydrated [18] , for this reason it was considered an half of a 94% water-swollen [18] . Value is to be considered in the calculation of encapsulation efficiency.
Total ascorbic acid content was determined by dissolving the washed microcapsules in 10 mL of ethanol. The mix was centrifuged at 3000 rpm during 5 minutes and it was allowed to stand for decantation during 30 minutes. The solution was analyzed in the spectrophotometer at the corresponding wavelength (245 nm), and interpolated on the calibration curve. It was necessary to dilute the samples (40 times) in order to fit in the calibration curve.
In order to know if the microcapsules protect the L-ascorbic acid over time, the encapsulation efficiency was determined 30 days after the production process.
Results and Discussion
Microcapsules Morphology. Scanning Electron Microscopy (SEM)
The morphology of the microcapsules was studied by scanning electron microscopy (SEM). Figure 2 shows the micrographs of ascorbic acid microcapsules. Figure 2 shows that when the temperature and suction power decrease, the microcapsules morphology is more spherical. Furthermore the mass ratio has an important influence in the microcapsules morphology.
Using the mass ratio 2.0:3.5 (L-ascorbic acid/alginate) the best results are obtained. Table 2 shows the encapsulation yield of the experiments. Encapsulation yield decreases when the morphology is correct, spherical. Also when the inlet temperature and suction power decreases and the mass ratio increases the yield is lower. This may be because low inlet temperature and suction power will result in a low evaporation rate, which causes the formation of microcapsules with high water content, poor fluidity, and ease of agglomeration. Furthermore, with these conditions, additional high amount of particles remain on the wall of the drying chamber and they are not collected. Using the mass ratio 2.0:3.5 (L-ascorbic acid/alginate) the encapsulation yield is lower but the microcapsules morphology is corrected.
Determination of Encapsulation Yield (EY%)
Determination of Encapsulation Efficiency (EE%)
Surface Ascorbic Acid Content
The equation for the calibration curve (microcapsules dissolved in water) was the following: ) Spectrophotometric measures were carried out at initial time (0) and after 30 days. For the results it has been considered the experiment 5 as the optimum one, and the mass ratio 2.0:3.5 (L-ascorbic acid/alginate).
% Oil non-encapsulated lost in the wash is calculated considering the ascorbic acid weight in 30 mL wash, and the quantity of ascorbic acid in 1 g of microcapsules, mass ratio 2.0:3.5 (L-ascorbic acid/alginate).
Oil quantity lost in the washing process is not significant in both tests. 
Total Ascorbic Acid Content
After the washing process, microcapsules were dissolved in ethanol. Microcapsules increase their weight in contact with water. Total microcapsules weight has been corrected by the percent swelling found in the scientific literature [18] for this type of material (94%). Total ascorbic acid content was calculated by dividing the ascorbic acid quantity determined by spectrophotometry to the theoretically quantity of ascorbic acid held in 1 g microcapsules, considering the mass ratio between ascorbic acid:alginate (2.0:3.5).
Three replicates were performed. The analysis carried was put in three samples at (0) time and after 30 days. Values of total ascorbic acid inside the microcapsules are high and the differences after 30 days are not significant.
Encapsulation Efficiency
The ascorbic acid encapsulation efficiency calculated according to the results obtained in Tables 3-5 was: Encapsulation of L-ascorbic acid with sodium alginate provides high encapsulation efficiency values, after 30 days, the values are similar.
Conclusions
Microencapsulation of L-ascorbic acid by spray drying technology using sodium alginate as wall material provides high results of encapsulation efficiencies. Microcapsules with spherical morphologies can be obtained. Because of the emulsion nature the yield values are not high, but the morphology is adequate.
After 30 days, no significant differences between encapsulation efficiency values (ANOVA, p < 0.05) were determined, so it can be stated that the acid is not oxidized in this period of time.
